A novel natural polymeric adsorbing material γ-cyclodextrin immobilized starch (CS-γCD) was prepared by introducing host functional molecule γ-cyclodextrin (γ-CD) into starch, using epichlorohydrin (ECH) as a cross-linking agent and sodium hydroxide as a catalyst, via the aqueous-phase synthesis method. The γ-cyclodextrin content in CS-γCD was up to 8.15% determined by the bromocresol green (BCG) hyperchromic spectrophotometric method. The structures of CS-γCD were characterized by infrared spectrum (FT-IR), 13 C-nuclear magnetic resonance spectrum ( 13 C-NMR), scanning electron microscope (SEM), x-ray diffraction (XRD), and gel permeation chromatography (GPC). We investigated the adsorption performances and kinetics of CS-γCD to three different kinds of dyestuff including methylene blue (MB), methyl purple (MP), and congo red (CR). The results showed the adsorbing capacities of CS-γCD to three kinds of dyes had obviously increased compared with native starch and diatomite, and the CS-γCD was also found to have a significant advantage in adsorption of macro-molecule dye such as CR over other adsorbing materials. The adsorption behaviors of CS-γCD on the three dyestuffs could be better described by a Langmuir model (R 2 >0.99), but also had relatively high correlation to Freundlich model. The pseudo second-order model could better describe the adsorption behaviors. The CS-γCD could be enzymolysised, while its degradation rate was much lower than native starch, which indicated that CS-γCD had a relatively higher structural stability and longer service life, these characters could be beneficial for the popularization and application of CS-γCD in fields of wastewater treatment and environment remediation.
Introduction
Nowadays, synthetic dyestuff was widely used in industry. Most of the dyes and their metabolites are toxic, and have carcinogenicity and teratogenicity to aquatic organisms and humans. The dyestuff wastewater has characteristics such as high toxicity, high chroma, complicated composition, and super-salinity, and is degradation-resistant, which would cause tremendous influence on the environment. The existing treatments of dye wastewater include precipitation, flocculence, oxidation reduction process, solvent extraction, and the adsorption technique, which has received significant attention for its advantages such as high efficiency, easy operation, and lower cost [1] [2] [3] [4] [5] [6] . At present, the adsorbent can be classified into three classes: inorganic, synthetic polymeric, and natural polymeric. The synthetic polymeric adsorbent mainly includes various types of ion-exchange resins and/or other synthetic polymers. Those resins and polymers are basically styrene-or acrylic-based and thus have relatively high physical-chemical stability, and the different functional groups on which could provide them good adsorption capacities on dyes with different structures and electric charges. Those advantages make the synthetic polymeric adsorbents have a relatively broader application than the other two kinds of adsorbents. However, since the manufacturing of the synthetic polymeric adsorbents always requires large quantities of organic solvents, and the wasted adsorbents also have the problem in hard bio-degradation, the production and application processes for those synthetic polymeric adsorbents have been regarded as creating serious pollution fir the environment [7] [8] [9] . In comparison, natural polymeric absorbents have the advantages of abundant resources, high adsorption, high selectivity, are degradable and environmentally friendly, and have been regarded as the ideal substitution for inorganic and synthetic polymer adsorbing materials [10] [11] [12] [13] .
Cyclodextrins (CDs) are cyclic molecules that consist of six to eight glucose molecules: α-, β-, and γ-cyclodextrins with six, seven, and eight glucose units, respectively. The cyclodextrins have characteristics such as reducibility, nontoxicity, and hydrolysis resistance. While the main feature of the CDs lies in their peculiar hydrophobic cavum structures. The inner side of the cavum consists of hydrogen atoms and oxygen atoms, which is in the shielding of the C-H bonds, while the outside and the top of the cavum consisted of hydrophilic hydroxy groups. This structure makes the cavum have a character of "inner hydrophobic, outer hydrophilic," and could form the inclusion complexes with many kinds of inorganic or organic molecules via the host-guest inclusion reactions [14, 15] . This feature makes cyclodextrin a potential high-efficiency natural adsorbing material. Among three common cyclodextrins (α, β, and γ), the γ-CD has the largest cavity dimension (up to about 427 Å   3   , compared with 174 Å  3 of α-CD  and 262 Å 3 of β-CD), thus it is regarded as the greater and wider inclusion capabilities to various organic molecules, and is supposed to be a more effective adsorbing material in dyestuff wastewater treatment. While the water solubility and shaping difficulty of γ-CD have restricted its application in wastewater treatment [16, 17] .
Immobilizing CD onto other high polymers could enhance the physical-chemical stability and mechanical strength of the modified adsorbing material, while keeping the inclusion and adsorption capability of CD. Recently, there have been studies on the immobilization of β-CD onto other synthetic or natural polymers such as polystyrene, polylactic acid, and chitosan. N Wang et al. had grafted the β-CD onto Fe 3 O 4 /poly(glycidyl methacrylate) magnetic nanoparticles, and found the host-guest interactions between cyclodextrin and aromatic molecules had a great contribution to the adsorption to two model environmental pollutants of the modified nanoparticles [18] . L. C. Zhou et al. had prepared the β-CD-modified chitosan (CS-CD), the CS-CS was used as an adsorbent for the adsorption of 2-chlorophenol (2-CP), 2,4-dichlorophenol (DCP), and 2,4,6-tuichlorophenol (TCP) from aqueous solutions, the results that the introduction of the β-CD moiety greatly increased adsorption efficiency [19] . Wang G et al. had prepared the β-CD-grafted chitosan (CS-CTS), and the adsorption of acid red R (ARR) in aqueous solution onto CD-CTS was investigated. Compared with chitosan (CTS), the adsorption capacity of CD-CTS for ARR was increased by 20.2 mg/g after adsorption equilibrium [20] . However, the research on immobilizing modification of γ-CD was very rare [21] [22] [23] [24] . Based on the unique advantages of γ-CD in inclusion and adsorption for organic molecules, in this study, a novel natural polymeric adsorbing material, CS-γCD, was synthesized by immobilizing γ-CD onto corn starch (CS) macro-molecule by using epichlorohydrin (ECH) as a cross-linking agent. Its adsorption properties to three different kinds of dyes were studied. The results suggest that CS-γCD could become a promising natural polymeric absorbent for dyestuff removal from industrial wastewater. 
Experimental Procedure
Preparation of CS-γCD 10 g of cornstarch (CS) was dispersed in 100 mL of NaCl solution (w NaCl % = 2.5), 1.5 g of γ-CD was added, the reaction system was adjusted to pH = 10 using 20% NaOH solution, then 1 g of ECH was dropwise added within 3 steps during the reaction process. The immobilization reaction was performed at 50 o C for 6 h, at the end of the reaction, the suspension was cooled down and adjusted to pH = 6~7. The crude product was precipitated by ethyl alcohol and centrifugalized, and then washed by an ethanol-water solution (65/35, v/v). Then, after smashing and vacuum drying at 50 o C for 24 h, the γ-CD-immobilized starch CS-γCD was obtained.
The γ-Cyclodextrin content namely immobilization ratio of CS-γCD was determined to be 8.15% by an improved bromocresol green (BCG) hyperchromic spectrophotometric method [25] .
Structural Characterization of CS-γCD
FT-IR spectroscopy was performed on a Nicolet IS50 Fourier transform spectrometer at a resolution of 4 cm −1 over the wave number range of 4000-400 cm −1
. The 13 C-NMR determination was performed on a Varian Infinityplus 300 MHz solid nuclear magnetic resonance spectrometer at a spin rate of 8.00 kHz for 5 h. The morphology observation was performed on a Hitachi TM-3030 scanning electron microscope. The XRD analysis was performed on a Rigaku D/MAX-2200 x-ray powder diffractometer at 40 kV, 150 mA, and a wavelength of l.54Å. GPC analysis was performed on a Waters 1515 gel permeation chromatographer using 50 mmol/L NaCl solution as a mobile phase at an eluant velocity of 1 mL/min.
Dye Adsorption Experiment of CS-γCD
To conduct the adsorption experiments, three kinds of dyestuff (methylene blue, methyl purple, and Congo red) were used. A 25 mL dose of a dye solution (0.5 mmol/mL) was added to a conical flask. Then, 0.1 g of the adsorbent was added to the flask. The solution was vibrated at 25ºC for 1 h and then filtered to remove the adsorbent. The filtrate was diluted and adjusted to a constant volume, and the concentrations of residual dyestuff were then measured by a UV-2600 UV-Vis spectrophotometer at the maximum wavelength of each dyestuff. The amounts of each dye adsorbed onto the adsorbents (Q e in mmol/g) were calculated from Equation (1): (1) …where C 0 and C e are the initial and equilibrium concentrations of dyestuff in solution (mmol/L), V is the volume of dye solution (mL), and m is the mass of adsorbent (g).
Degradation
Experiment of CS-γCD [26] 0.1 g of sample was put into a conical flask, 3 mL of 5% glucoamylase solution, 3 mL of acetic acid/ sodium acetate buffer solution (pH = 4.4), and 15 mL of distilled water was added, the suspension was vibrated at 39ºC for 1.5 h and then filtered, and the filtrate was made to constant volume. The total sugar content in the enzymatic hydrolysate was measured by DNS colorimetry method, and the enzyme-degradation rate was calculated by Equation (2): (2) …where EH is the enzyme-degradation rate of sample (%), V is the volume of enzymatic hydrolysate (mL), C s is the total sugar content in the enzymatic hydrolysate (g/mL), and m is the mass of sample (g).
Results and Discussion

FT-IR Analysis
The FT-IR spectra of the CS and CS-γCD were shown in Fig. 1 . The strong absorption band at 3600-3200 cm -1 of CS was caused by stretching vibration ν O-H of hydroxyl groups. The band of C-H stretching absorption ν sC-H of methylene in CS backbone appeared at 2931cm -1 . The medium intensity absorption at 1630 cm -1 was assigned to the bending vibration σ O-H of hydroxyl groups. The moderate absorption peaks of CS at 1150, 1120, and 1093 cm -1 were assigned to the stretching vibrations of the hemiacetal linkage ν C-O-C and C-O bonds ν C-O, respectively [27] . Compared with CS, no new peaks appeared in IR spectra of CS-γCD, since the CS-γCD and CS were composed with the same constitutional units (anhydroglucose unit AGU). However, many changes were still observable in the spectrum of CS-γCD. The absorption bands of ν O-H and σ O-H of CS-γCD at 3600-3200cm -1 and 1630 cm -1 weakened obviously, which might because a part of the hydroxyl groups were consumed during the cross-linking reaction, which led to a decline in the number of O-H bonds of CS-γCD. The stretching vibration ν C-O-C near 1150-1120cm -1 was enhanced, because part of the O-H bonds had been transformed into ether linkages after the reaction. Moreover, the νs C-H vibration of CS-γCD at 2925 cm -1 apparently increased, which was because plenty of methylene groups -CH 2 -were introduced to the CS-γCD macro-molecule in the reaction with ECH. From FT-IR analysis it could be known that the γ-CD was immobilized onto starch macro-molecule via the cross-linking reaction in present of ECH, by the formation of ether linkages [28, 29] . 13 
C-NMR Analysis
The 13 C-NMR spectra of the CS and CS-γCD were shown in Fig. 2 . The peaks C1~C6 were assigned to the anhydroglucose (AGU), the basic constitutional unit of both starch and cyclodextrin. The chemical shift of C1 (δ = 101.5) was found at a relatively low field. It was because C1 was directly connected to two oxygen atoms, which caused a greater deshielding effect. The peak at δ 81.9 was attributed to C4. The strongest peak near δ71~74 was actually due to the overlap of the peaks of C2, C3, and C5, since those carbon atoms had similar chemical environments [30] . Similar to the IR spectrum, the simple introduction of γ-CD could not bring about obvious changes in chemical shifts of C1-C6 of CS-γCD, since the starch and cyclodextrin molecules were composed with the same basic constitutional units. While there were still some significant changes to be found in the 13 C-NMR spectrum of CS-γCD. The peak appearing at δ 77.8 was assigned to C7 and C9, while the peak at δ 71.3 was caused by C8, which belonged to the introduced iso-propanol structure of the ECH molecule. Those peaks overlapped with peaks of C2, C3, and C5, and further increased the peak intensity near δ71~75. Another obvious change was the decline of C6 signal of CS-γCD at δ 62.4, which indicated a significant number of primary hydroxyl groups on C6 had been replaced by C-O-C bonds. Since the -O-atom had a stronger deshielding effect than -OH groups, that would make the chemical shift of part of the C6 atoms move to a lower field, and peak of the C6' atoms in the newly formed linkage would overlap with C8 peak near δ 71.3. In accordance with the result of FT-IR analysis, the γ-CD combined with starch with ether linkages, and the 13 C-NMR further indicated that the cross-linked reaction mainly occurred on the primary hydroxyl groups on C6 atoms [31] .
SEM and XRD Analysis
From Fig. 3 it could be observed that most native starch granules had a regular shape and smooth surface. By contrast, the regularity of CS-γCD granules had declined, and part of the granules showed slight fragmentation, indentation, and the formation of some cavities, those destructive effects could be accounted for in the introduction of cyclodextrin as well as alkali corrosion during the reaction. However, it could also be seen that the CS-γCD granules had generally maintained their integrity, which indicated the above-mentioned "destructive effects" would mainly take place on the surface and in the amorphous region of granules. Fig. 4 showed that CS-γCD had a similar diffraction pattern to native starch. The crystallinity degree of CS-γCD was calculated at 25.6%, which only had a slight decline compared with the crystallinity degree of CS (29.2%). The XRD result indicated the crystalline regions of CS-γCD were basically not corrupted, which was in accordance with the observation in SEM, since the integrity of starch granules was regarded as mainly sustained by their crystalline structures [32] . The XRD and SEM observations had consistently shown that the immobilizing reaction of γ-CD mostly took place on the surface and in the amorphous regions of starch granules, while their crystalline regions were basically uninfluenced. Thus the CS-γCD could generally maintain its integrated crystalline structures, which was beneficial for the application of CS-γCD as an adsorbent in wastewater treatment, which was because a relatively strong crystalline structure would provide higher physicalchemical, mechanical and biological stability for the natural macro-molecular material [33] .
GPC Analysis
The GPC chromatography of CS and CS-γCD are shown in Fig. 5 , which shows that CS had three main molecular compositions: the macro-molecular component (Ap), the micro-molecular component (Am), and the intermediate (Im), which could be divided by the retention time [34] . The observed basically maintained the elementary structures of native starch, but had an obvious change in peak shape and retention time compared with CS. Firstly, CS-γCD had an declined retention time for each component. More than that, the AP and Im signals in CS-γCD were observed as apparently increased, while the signal of Am was relatively decreased, which indicated that the CS-γCD had an increase in proportion of macro-molecular and intermediate components. Those changes indicated that CS-γCD not only had an increased molecular weight but also had a more complicated molecular configuration [35] . The macro-molecular structure of CS-γCD had been found to have a tendency of transforming from a linear from to a cross-linking network. The reasons for the above phenomenon might lie in that, in the course of immobilization reaction, the ECH molecules would not only promote the combination between γ-CD and starch, but also promote the inter and intra molecular crosslinking reactions of CS-γCD molecules, hence they made their molecular structures become more complicated. While the increase in polymerization degree along with the formation of cross-linked network macromolecule structures of CS-γCD would help to improve its insolubility, as well as the acid-base, thermal and mechanical stability. The above changes were considered beneficial for the application of CS-γCD in dye wastewater treatment.
Adsorption Performance Studies
To systematically investigate the adsorptive properties of CS-γCD, three different kinds of dyestuff were adopted in this study. It could be known from Table 1 and Fig. 6 that methylene blue (MB) was a phenothiazine dye, its matrix was an acridine molecule, the 3,7-dimethylamino substituent groups made it water solvable, and its aqueous solution was alkaline. Methyl purple (MP) was a triarylmethane dye, it had a major structure of three phenyl groups connected with one central carbon atom, and the amidogen substituents on the benzene rings made the MP a basic dyestuff, such as MB. Congo red (CR) was a kind of disazo dyestuff, in which the diazo component was the benzidine structure, and the sulfonic groups made CR an acid dyestuff that was negatively charged in its aqueous solution. By comparing the molecular structures of the three dyestuffs, it could be found that the MB, MP, and CR had the lower, moderate, and higher molecular weights and dimensions, respectively. From the view of chemical constitution, MB and MP were two kinds of cationic dyes with -NR 2 and = NR 2 + groups, while CR was a anionic dye with -NH 2 and -SO 3 -groups.
From Fig. 7 it could be learned that CS had a certain extent of adsorption on the three kinds of dyestuffs, which might be because native starch molecules had many -OH groups that could form hydrogen bonds with the polar groups in dye molecules, and there was also Van der Waals forces among the hydrophobic portions of starch backbone and dyestuff molecules [36] . But overall, CS still had the lowest adsorption capacity among all kinds of adsorbents studied in this work. The diatomite and zeolite were two kinds of inorganic adsorbents, the major component of diatomite was SiO 2 , while zeolite mainly consisted of aluminosilicate. The diatomite was found to have a similar adsorption behavior with CS, since the adsorption of diatomite to dyes was also mostly by its plentiful surface oxygencontaining groups (-OH, -O-, -COOH). The adsorption of zeolite to dyes was much higher than diatomite and CS, which might owe more to its more developed hole structure and higher specific surface area [37, 38] . More than that, it could be apparently observed that all the adsorbents had poor adsorbability to CR except for CS-γCD. The reason might be that diatomite and CS both had abundant weak acid groups such as hydroxyl and silanol (Si-OH) groups, and the silica tetrahedron structure of zeolite also made its surface negatively charged. As a result, those adsorbents would be more easy to adsorb the cationic dyes with positive charge such as MB and MP, while they might have an electrostatic repulsion to the negatively charged anionic dyes. Moreover, since CR had a relatively large molecular dimension, the greater steric effects from its conjugated system could also interfere with the formation of hydrogen bonds with the adsorbents. All these elements might lead to a relatively low adsorption quantity of CS, diatomite, and zeolite to CR.
Compared with diatomite and CS, the adsorbing capacity of CS-γCD to three kinds of dyes had obviously increased, although its adsorbability on MP was little lower than zeolite, but they had already closed. Moreover, it could be also found that CS-γCD had a significant enhanced adsorbing capacity to CR (about 2~3 times over other adsorbents), which might because the γ-CD had a relatively large hydrophobic cavity (up to 7.2~8.5 Å in diameter) that could include more kinds of larger-sized organic molecules such as Congo red. For that reason, the immobilization of γ-CD could significantly enhance the adsorption capacity of CS-γCD to CR. Furthermore, the significant increase in adsorption quantity of CS-γCD to CR could also indicate that the adsorption of CS-γCD to dyes was not only by the hydrogen-bond interactions among their polar groups, while the host-guest inclusion effects of CS-γCD hydrophobic cavum toward the dye molecules would also have an important contribution [39, 40] .
Adsorption Mechanism Studies
Adsorption isotherm predicts the amount of adsorbate adsorbed by an adsorbent in terms of the equilibrium concentration of the adsorbate at the constant temperature. The Langmuir and Freundlich models were selected to predict the adsorption isotherm of dyestuff on the adsorbing materials. The Langmuir isotherm model assumed the existence of the homogeneous monolayer surface adsorption on which one dye molecule per binding site was formed without side interactions between the adsorbed molecules [41] . The Langmuir adsorption isotherm can be determined from a linear form of Eq. (3): (3) …where Q e is the amount of dyes adsorbed (mg/g), C e is the equilibrium concentration of dyes (mg/L), and K L and Q max are Langmuir constants.
The Freundlich isotherm model is one of the most common adsorption equations for a solid-liquid system to model the adsorption on heterogeneous surfaces [42] . The Freundlich constants can be calculated in the following linear form of Eq. (4): (4) …where K F and n are the Freundlich constants related to the adsorption capacity of the adsorbent (mg/g) and the energy of adsorption, respectively.
From Table 2 it could be learned that the maximal adsorption capacity Q max of native starch to the three dyestuffs were relatively low, and the adsorption behaviors of CS to MB and MP had the high relatively fitting degree (R 2 ) to the Langmuir model, which indicated that the adsorption of the MB and MP on the CS could be identified as a chemisorption process. By contrast, the adsorption capacity of CS to CR was not ideal, and its adsorption behavior was found to have a reduced fitting degree to the Langmuir model. The reasons might lie in that the starch was a natural polymer that contains an amount of hydroxyl, and since the hydroxyls were the weakly acidic groups, the CS could be more likely to combine the positively charged cationic dyes such as MB and MP, and the adsorption behaviors of those two dyes could have a higher fitting degree (R 2 ) to the Langmuir model. While the CR was a negatively charged anionic dye, its combining capacity to the starch hydroxyl groups could be weakened. Not only that, but the relatively greater molecular dimension as well as the steric hindrance of CR molecules would also hinder the formation of hydrogen bonds with the adsorbent. Compared with CS, the CS-γCD had been found to have a significantly improved Q max to the three kinds of dyestuff. The correlation coefficients of Langmuir equation of CS-γCD for three kind of dyes were all above 0.99, which showed that the adsorption behaviors of CS-γCD to the three dyestuffs could be better described by a Langmuir model, which was regarded to be a chemisorption and a monolayer adsorption [43] , while it could also be found that each kind of dye had a relatively high correlation coefficient of Freundlich equation (R 2 >0.9). The results indicated the adsorption of CS-γCD to the three dyestuffs was not a simple chemisorption process, and the combinations with adsorbent and dye molecules could be not only via the hydrogen-bond interactions among their polar groups, while the host-guest inclusion effects of γ-CD non-polar cavums to dye molecules could also play an important role. While another interesting point was that MP and CR had the relatively higher Freundlich model fitting (R 2 ) compared with micro-molecular dye MB. It seemed that with the increase in dyes molecular dimension, the adsorption of dyestuff on CS-γCD had become more and more a physical absorption process, which indicated that the inclusion associations between γ-CD cavums and dye molecules would play an increasingly important role [44] . The results could explain the phenomenon that CS-γCD had a significant 
Adsorption Isotherms and Kinetics Studies
The adsorption isotherms of the CS-γCD for MB, MP, and CR are shown in Fig. 8 . The adsorption rates of the CS-γCD for the three dyestuffs increased rapidly, and then gradually decreased over 20-30 min and tended to reach adsorption equilibrium after 40 min.
The adsorption kinetics describe the adsorption behavior and rate at different times. Pseudo first-and second-order kinetics equations are the most commonly used models. In a pseudo first-order kinetic model, the process of the adsorbate reaching the adsorbent surface is considered to be controlled by a diffusion step, and there is only one type of binding site on the surface of the adsorbent. The pseudo second-order model is based on the assumption that the adsorption process involves the transfer or sharing electron pairs between the adsorbate and the adsorbent. Namely, the adsorption kinetics are controlled not by diffusion steps but by a chemical action such as ionic, covalent, or coordinate bonding. The first-order rate equation may be represented as Eq. (5): (5) Similarly, the second-order rate equation was given by Eq. (6): (6) …where q e and q t were the amounts of dyestuff adsorbed at equilibrium and at time t in mg/g, and k 1 and k 2 were rate constants in min -1 and g/mg•min, respectively [45] . Table 3 shows that that pseudo second-order model could better describe the adsorption behaviors of CS-γCD to MB, MP, and CR, and the adsorption could be regarded as a chemisorption dominant process [46] . Furthermore, the CR was found to have an increased fitting degree (R 2 ) to the pseudo first-order model, which indicated that the CS-γCD would have a more complicated adsorption behavior for CR, where the hostguest inclusion effects of γ-CD non-polar cavums to CR molecules could play a more important role compared with two other kinds of cationic dyes. The results of the adsorption kinetic study were also in accordance with the analysis of the isothermal adsorption models.
Degradation Performance Studies
Since the degradation of microorganisms on natural materials was known primarily through enzymatic actions, the enzyme hydrolysis method was adopted in the degradability quantitative analysis of CS-γCD in this study. Fig. 9 showed that γ-CD Fig. 9 . Enzymatic hydrolysis rate (EH) of γ-CD, CS, and CS-γCD. Table 3 . Kinetic parameters of CS-γCD to MB, MP, and CR at 298K.
had the highest enzymatic hydrolysis rate, after the enzymatic hydrolysis reaction of 1.5 h the EH was up to 81.52%. Since γ-CD was a cyclic-oligosaccharide composed of 8 glucopyranose units, it seemed very easy to hydrolyze the function of glucoamylase. The native corn starch was also easy to affect by the enzymatic hydrolysis actions, the EH of CS had reached 60.37%. The CS-γCD had been found have a significant decrease in enzymatic hydrolysis rate (EH = 15.25%) compared with γ-CD and CS. The reason could be that after the ECH cross-linking reaction, part of the hydroxyl groups were transformed into more stable ether linkages (-O-) by inter-molecular dehydration, which would not only increase the polymerization degree of CS-γCD but also transform its macro-molecular configuration from a simpler chain to a more complicated network structure. Hence the complex molecular structure of CS-γCD could produce more steric-hinerance and provide more protection for the glycosidic bonds from the attack of enzymes, and as a result the enzyme stability of CS-γCD had been improved to a certain extent [47] . One side, since the CS-γCD could be hydrolyzed by enzyme, it could be classified as a bio-degradable natural polymeric material; on the other side, CS-γCD had a much lower enzymolysis rate compared with native starch, which indicated that the CS-γCD had a certain resistance to the decomposition of microorganisms and could be able to maintain its structural stability in a relatively long period of time. This characteristic would be helpful for CS-γCD to overcome the existing defects of natural polymer materials such as fast degradation, structural instability, and short service life, thus making the CS-γCD a highly efficient natural polymeric adsorbent and have a more widespread application in dyestuff wastewater treatment.
Conclusion
(1) In this study a novel natural polymeric adsorbing material CS-γCD was synthesized by using native cornstarch as a raw material and γ-cyclodextrin as a modifier. The IR and 13 C-NMR spectra showed that γ-CD had been introduced into starch by the formation of ether linkages in the presence of ECH. The SEM and XRD observation showed that the immobilization of γ-CD took place mostly on the surface and in the amorphous region of starch granules. The GPC analysis showed that the CS-γCD had not only an increased molecular weight but also a more complicated molecular configuration compared with CS.
(2) The adsorbing performances of CS-γCD on MB, MP, and CR were obviously improved compared with CS and diatomite, and CS-γCD was also found to have a significant enhanced adsorbing capacity to CR. The adsorption behaviors of CS-γCD on the three dyestuffs could be better described by a Langmuir model, but also had a relatively high correlation to the Freundlich model, which indicated that the adsorption of CS-γCD to dyestuff was not a simple chemisorption process. The pseudo second-order model could better describe the adsorption behaviors. The combination with CS-γCD and dye molecules was regarded not only via the hydrogen-bond interactions, and the host-guest inclusion effects of γ-CD non-polar cavums to dye molecules could also play an important role. (3) The CS-γCD could be hydrolyzed by enzyme, but its degradation rate was much lower than CS and γ-CD, meaning that CS-γCD had a certain extent of resistance to bio-degradation. The result indicated CS-γCD would have a much higher structural stability and much longer service life compared with native starch, which would be beneficial for the industrial application of CS-γCD in dyestuff wastewater treatment.
